In this present paper, an FE approach has been presented for the elastic bending and buckling behaviors of single-walled carbon nanotubes (SWCNTs). Finite element simulations are carried out to investigate the bending deformations and buckling behaviors of SWCNTs under various conditions. Both axial compression and bending loading conditions are considered. The computed results for SWCNTs agree well with atomistic simulations in the literature and the FE approach is confirmed successfully. In this paper, the steady state structural analysis has been performed to know the strength of the CNTs using shell93 element. For analysis of SWCNT has been considered as cantilever beam and loaded at the free end. SWCNTs with different lengths, different thicknesses under various materials and loadings have been studied. In static analysis, the defections and stress induced are estimated due to axial and bending loads. Under buckling analysis, the buckling factors and corresponding mode shapes are plotted. The displacement response is plotted and reported.
INTRODUCTION
From the day of discovery of carbon nanotube (CNT) by Iijima 1 , many researchers have been attracted to this material and large numbers of papers have been published in this area. CNT was first synthesized as a by-product in arcdischarge method in synthesis of fullerenes and currently being prepared by different methods 2, 3 . In this work, keeping the application of CNT in mind, an attempt is made to apply Finite element (FE) method for the elastic bending and buckling behaviours of single-walled carbon nanotubes (SWCNTs). CNTs can be classified into two types: (1) Multi-walled CNT (MWCNT) [1, 2] and (2) Singlewalled CNT (SWCNT) [3] . The MWCNTs had been discovered earlier than SWCNTs. The MWCNT is comprised of 2 to 30 concentric graphitic layers, diameters of which range from 10 to 50 nm and length which range from 100 to several 100s of nm. On the other hand, SWCNT is much thinner with the diameters from 0.34 to 1.4 nm. Carbon nanotubes are very strong 4, 5 and superior in performance when compared to other conventional materials such as aluminum, tungsten carbide, steel, and other alloys of carbon and aluminum. Carbon nanotubes exhibit superior mechanical, electrical, optical, and thermal properties which other materials cannot exhibit. A lot of research is going on to know the behavior of carbon nanotubes under various conditions such as bending, buckling, twisting etc 6 . Different scientists and researchers have used various methods such as Molecular Dynamics, Van dar Waal equations and Finite Element Method 7 for finding the properties of carbon nanotubes.
As the geometry of the carbon nanotube is in nano scale, it would be difficult to handle the model when performing analysis. It requires special tools and set ups such as Transmission Electron Microscopy (TEM), Automic Force Microscopy (AFM), Scanning Electron Microscopy (SEM), computer controlled environment, and experienced persons to carryout the experiment. So one would require a tool which can be used for analysis without any set ups (like TEM, AFM, SEM) and give results as accurate as the actual experiment would. Finite Element Analysis (FEA) is a tool which can fulfill the above requirement with ease. In this work, an attempt is made to implement an FE approach for the elastic bending and buckling behaviors of singlewalled carbon nanotubes (SWCNTs). Finite element simulations are carried out to investigate the bending deformations and buckling behaviors of SWCNTs under various conditions. Both axial compression and bending loading conditions has been considered.
Structural Analysis of SWCNTs
In this paper, ANSYS 10.0 which is an FEA tool is adopted to model and to carryout analysis on carbon nanotubes. ANSYS 10.0 [8] is one of the best tools which give accurate results in less time.
The geometry and material properties of the SWCNT for modeling
As dimensions of the model are very small even a small amount of error is not permitted. To build the model accurately Shell 93 element is used. The inner and outer diameters of the tube are 0.34nm and 1.02nm respectively, thickness of tube wall is 0.34 nm, length of the tube is 8nm,Young's modulus is 4.84TPa [7] , Poisson's ratio is taken as 0.2, density is 1400 kg/m 3 and an assumed load is 10 nN. In this work, the carbon nanotube is assumed as a cantilever beam. The beam is modeled using a shell element (SHELL 93). The shell93 element has six degrees of freedom at each node (3 translational and 3 rotational in x, y, z-axes). In this model the tube is fixed at one end and the load is applied at the free end. Constraints given at fixed end are all degrees of freedom are fixed i.e. displacements and rotations in x, y, z-axes are zero (UX = UY = UZ = ROTX = ROTY = ROTZ = 0) and the other end is free.
Fig. 1: SWCNT using Shell93 model with loading and boundary conditions

Structural analysis studies
Two cases have been considered for analyses of CNTs. In each case, properties of the nanotubes are altered and the results were studied. In case1, the bending behavior of SWCNTs by varying thickness and length are studied and in case2, the buckling behavior of SWCNTs by varying thickness and length were studied and obtained the corresponding mode shapes.
Bending behavior of SWCNTs
In this section, two conditions again are taken into consideration for studying bending behavior of nanotube by varying the geometry, (a) Bending behavior of single-walled carbon nanotube by varying the thickness and (b) Bending behavior of single-walled carbon nanotube by varying the length.
Bending behavior of single-walled carbon nanotube by varying the thickness
In this first condition, thickness of the tube is changed keeping inner diameter, length, and load constant. The geometry and the material properties taken for analysis are: Inner diameter=0.34 nm, Length of tube=8 nm, Modulus of elasticity= 4.84TPa [7] , Poisson's ratio considered as 0.2, assumed bending load is 10 nN, and thicknesses considered as 0.34, 0.39, 0.44, 0.49, 0.54 (nm). Under each thickness of the CNT, a comparison is made for the bending stress and a graph is ploted for length of CNT against the deformation. From the fig.3 , it is observed that the carbon nanotube with more wallthickness the induced deformation less though the inner diameter of all the tubes is same. With this it can be concluded that the deformation of the tube is inversely proportional to its thickness. So if the thickness of the tube increases then the load carrying capacity of the tube also increases and it is self reinforced. Similarly, we compared Von Mises stress for different tube thicknesses and ploted graph.
From the fig.5 , it can be observed that the induced Von Mises stress is more in the tube having less thickness and is less in the tube having more thickness. There fore the stress induced in the tube is inversely proportional to the thickness of the tube.
Bending behavior of single-walled carbon nanotube by varying the length
In this case, length of the tube is changed by keeping thickness, inner diameter, outer fig.8 , it can be observed that the induced Von Mises stress in the tube having maximum length is more. So with this it is clear that the stress distribution is proportional to the length of the tube.
Buckling behavior of SWCNTs
In this case, two conditions are taken into consideration for studying the bending behavior of nanotube by varying the geometry, From the fig.9 (a-b) , it can be observed that the tube having maximum thickness deforms less under the same buckling load. With this it can be concluded that the buckling behavior is inversely proportional to the thickness of the tube. A compressive force of 10nN (assumed) is applied on the tube to calculate the critical buckling load. It can be observed that the critical buckling load is higher for the tube having maximum thickness, from this it can be concluded that the critical buckling load is proportional to the thickness of the tube.
Buckling behavior of single-walled carbon nanotube by varying the length
In this case, length of the tube is changed by keeping thickness, inner diameter, outer diameter, and load constant. The length of the tube is changed to 8 nm, 10 nm, and 12 nm. As the length of the tube is not same, only first 8 nm of length from the fixed end is considered for the analysis. The properties of the tube and the geometry are: inner diameter=0.34 nm, outer diameter=1.02 nm, thickness of tube=0.34 nm, From the fig.10(a-b) it can be observed that the deformation and buckling is more in the tube having larger length. So the larger length tubes are not required where large amount of buckling is undesirable in nanotechnology applications. The long tube can be replaced by two small tubes joining one over the other. A compressive force of 10nN is applied on the tube to calculate the critical buckling load. It can be observed that the critical load of buckling is inversely proportional to the length of the tube. It is desirable to have shorter tubes where the tube is subjected to more compressive forces.
The tube with lesser length will work effectively where the nano structures are subjected to buckling.
CONCLUSIONS
Structural analyses on the single-walled carbon nanotubes have been done and drawn the conclusions: (1)It is observed that the carbon nanotube with more thickness had deformed less though the inner diameter of all the tubes is same. From this, it can be concluded that the deformation of the tube is inversely proportional to its thickness. ( 2)The induced Von Mises stress is more in the tube having less thickness and is less in the tube having more thickness. (3)The deformation in the tube having greater length is more though the properties of all the tubes are same. (4)The tube which is short in length deforms less. This is because of the aspect ratio. Therefore, the deformation is proportional to the aspect ratio. (5)The induced Von Mises stress in the tube having maximum length is more. (6)The tube having maximum thickness deforms less under the same buckling load. (7)The critical load of buckling is higher for the tube having maximum thickness. (8) The deformation and buckling is more in the tube having larger length. (9)The critical load of buckling is inversely proportional to the length of the tube.
CNT length =10 nm 
